Chagas disease is an endemic zoonosis in the American Continent, where 16 to 18 million of people are estimated to be infected, about 45,000 die each year, and 90 million are at risk (25% of Latin-American population) (WHO 1991) . Chagas disease is caused by the hemoflagellate Trypanosoma cruzi, which is transmitted by hematophagous triatomine insects (Hemiptera: Reduviidae), and maintained by wild and synanthropic mammals. Opossums of the genus Didelphis (Marsupialia: Didelphimorphia) are considered the most important wild reservoirs of T. cruzi due to their wide distribution, their great adaptive capacity, and their close association with human dwellings (WHO 1991) .
In México, very few studies on reservoirs of T. cruzi have been carried out. Most of them have published the presence of infection, based on little sample-size, random capture-periods, and sometimes misidentified species of mammal (Aguirre Pequeño 1947 , Salazar Schettino et al. 1987 , Galaviz-Silva & Arredondo-Cantú 1992 . Thus, the role of Mexican mammals in sylvatic or peridomestic cycles of transmission of T. cruzi is not well known.
The State of Yucatán is an endemic area of Chagas disease (Barrera-Pérez et al. 1990) , where the main vector is Triatoma dimidiata (Guzmán-Marín et al. 1992) . In this area, D. marsupialis and D. virginiana are sympatric, however, their specific importance as reservoir is not well established. Even though, D. virginiana is thought to be the most abundant opossum species in northern Yucatán (Jones et al. 1974) , only D. marsupialis has been found infected with T. cruzi (Zavala-Velázquez et al. 1996) .
In this study, we determined the role of D. virginiana as the main synanthropic reservoir and documented a seasonality in the transmission of T. cruzi in Dzidzilché, Yucatán, México.
MATERIALS AND METHODS
Study area -This study was carried out from April 1996 to May 1998 in Dzidzilché, a small village located 25 km NW of Mérida, and 10 m above sea level (21°08'N, 89°41'W) (Fig. 1) . Dzidzilché had 250 inhabitants grouped in 49 households. Fruit trees such as Mangifera inca (mango) Manilkara achras (gumtree), Spondias purpurea (plum), Citrus aurantium (orange), and Carica papaya (papaya), were common in the courtyards.
The vegetation of the area included abandoned sisal plantations and low-height thorn forest. The climate was warm and humid with a mean temperature of 25.4ºC, and an annual rainfall of 940 mm. It presented a rainy season from the end of June to December, and a dry season from January to mid-June (Flores & Espejel 1994) .
Opossums capture -Opossums were captured in a 4 x 4 grid of livetraps (66 x 23 x 23 cm, Tomahawk Live Trap Co.) set at 250 m intervals (total 156 hectares), including Dzidzilché and its surroundings. Traps were baited with seasonal fruits (pineapple and sapota) in the afternoon and revised early the morning after. We defined as peridomestic traps those set less than 50 m from a house, including those in courtyards.
A capture-recapture method (Begon 1979 ) was used during nine periods. Each period lasted three weeks: during the first week, animals were captured, marked using a 2 mm ear-punch, and released in the site of capture; capture was interrupted the following week to allow dispersion; and the third week, capture and marking were resumed. After 51 days, a new capture period was initiated.
Identity of opossums -Identification was based on coloration of the hair, mainly of the cheek region (white in D. virginiana, and pale yellow to buffy orange in D. marsupialis). Additionally, we used the morphology of chromosomes from metaphasic lymphocytes obtained from blood sample to corroborate taxonomic identity of opossums (Gardner 1973) .
Population characteristics -Opossums were sexed, and three age-classes were defined based on total length, and teeth eruption sequence (juveniles, 3-5 months old; subadults, 6-8; and adults, older than 9 months) (Petrides 1949) . Reproductive status was determined in females by the presence of embryos inside the marsupium. Subadults and adults males were considered sexually mature and capable of breeding (Hunsaker 1977 ).
The movement of some opossums was measured attaching a 300 m spool line at the base of tail and tracking them after release (Miles 1976) . Opossums were followed to locate their nests (sites used for five or more consecutive days) or refuges (other sites). A ten-minute advantage was given to the opossums after release to lower the stress of being followed and to obtain more natural results. Distances were calculated by measuring the linear distances between consecutive captures.
Infection in opossums -All the opossums captured including recaptured ones during the following working period, were anesthetized via intramuscular with xylazine (0.25 mg/kg body weight) mixed with ketamine (25 mg/ kg) (Pietrzak & Pung 1998) . Blood (2-3 ml) was extracted by cardiac puncture and stored in a heparinized glass tube.
We used three procedures to detect infection in opossums. The two first methods were microscopic: (a) a drop of fresh blood and (b) the buffy coat obtained after centrifugation (30 min at 100 g) in capillary tubes. The drop of blood and the buffy coat were diluted 1:1 in Phosphate Buffered Solution (PBS) (pH 7.2) and examined for motile trypomastigotes under light microscope (X40). The third procedure was the xenodiagnosis using five triatomines of fourth or fifth instars nymphs of T. dimidiata, obtained from our laboratory-reared colony. The five triatomines were placed on the belly of opossums and allowed to feed for 20 min. Every 15 days for two months, drops of urine or feces of triatomines were obtained after bloodmeals from anesthetized adult pigeons, and diluted in PBS for microscopic examinations. An opossum was considered positive to T. cruzi if the parasite was found by any of those three methods. Because D. virginiana can maintain natural and experimentally infection by local strains of T. cruzi at least for two years (unpublished data), generally once an opossum was proved infected it was no more checked for infection until the end of the study.
Intracellular invasion by parasites was microscopically observed to confirm the identity of T. cruzi by inoculating intraperitoneally Balb/C mice with infected triatomine feces or urine suspended in PBS. Every week after inoculation, a drop of blood was obtained from the mice tail, diluted 1:1 in PBS, and microscopically checked for parasitemia. Two months after inoculation the mice were euthanazed with chloroform. Tissue samples from the heart of each mouse were fixed in buffered 10% formalin, imbedded in paraffin, cut into 5 µ sections, and stained with hematoxilina-eosina. At the end of the study, hearts of some opossums processed with an overdose of Pentobarbital were also examined for T. cruzi nests (Araujo et al. 1996) .
Collection and infection in triatomines -Volunteers from 25 households collected randomly adult triatomines during the study in and around the house. Latex gloves and forceps were provided to prevent an accidentally infection during the insect manipulation. Both refuges and nests of opossums were also checked for triatomines. Captured triatomines were taxonomically identified according to Lent and Wygodzinsky (1979) . Infection in triatomines captured was diagnosed similarly to the insects from the xenodiagnosis. 
USA
Statistical analyses -Data of capture, movement, and infection prevalence of the opossums were compared with sex, age, capture sites (peridomestic versus nonperidomestic traps), months, and seasons; using ChiSquare and t Student tests (Epi Info ver. 6.03, and Statgraphics ver. 6.0) with 95% confidence (Downie & Heath 1971) .
RESULTS
Identity of opossums -In this study, the coloration characteristics described by Gardner (1973) were not enough to discriminate between D. marsupialis and D. virginiana. Several individuals presented mixed hair color; thus the chromosome morphology had to be used. D. virginiana (2n = 22) presents six pairs of subtelocentric and four pairs of acrocentic autosomes whereas D. marsupialis (2n = 22) has all acrocentrics (Gardner 1973 Table  I ). The two D. marsupialis were not infected.
The percentage of infection differed according to the method used: all the infected opossums were found by xenodiagnosis, while only 52% and 16% were detected by the buffy coat and the fresh blood drop methods, respectively.
Prevalence of infection of D. virginiana during the nine capture periods ranged from 25 to 66.6%. From the 55 infected opossums, 49 (89.1%) were captured in dry-season periods (χ 2 = 8.1, p < 0.05) ( Table I) .
Although females seemed more oftenly infected with T. cruzi than males, this difference was not significant (χ 2 = 4.42, p > 0.05). However, most of reproductive females (23 out 24) were found infected during the dry season (February to May) ( Table I) . We found significant differences among the three age-classes: adult opossums were more oftenly infected (χ 2 = 27.19, p < 0.05) ( Table I ).
The movement of 24 opossums was documented from 38 recaptures, from which 30 were from infected opossums. All opossums recaptured more than once were reproductive females. Females traveled less than males (χ 2 = 23.5, p < 0.05), moreover reproductive females moved less than non-reproductive ones (χ 2 = 17.1, p < 0.05). Infected opossums wandered less than non-infected ones (χ 2 = 5.5, p < 0.05) (Table II) , and 57% (17/30) of the infected opossums were reproductive females. Forty-six of the infected opossums (83.5%) were captured in peridomestic traps, and females were predominant in both peridomestic (56.5%) and non-peridomestic traps (77.7%).
The identity of T. cruzi was confirmed by the presence of the pseudocysts in cardiac tissue of opossums and all experimentally infected mice (Figs 2-3) . Some isolates were preserved for future genetic studies.
Collection and infection by T. cruzi in triatominesFourteen triatomines identified as T. dimidiata were collected inside 12 nests located in peridomestic habitat, from which 7 adults and 1 fifth instar (57.1%) were infected by T. cruzi. The 7 refuges were free of triatomines.
From the 197 T. dimidiata adults collected in or around human houses, 32 (16.2%) were infected by T. cruzi. Both capture and infection of triatomines were higher during the dry season (t = 3.1, p < 0.05 and t = 4.3, p < 0.05, respectively)( Table III) .
The highest peaks of infected triatomines coincided with the highest capture rate of infected opossums at late dry season and beginning of the rainy one (Fig. 4) . In addition, three opossums with a previous negative diagnostic in the dry season (November 1996 and February 1997) were recaptured infected in February 1997.
DISCUSSION
This study confirmed Gardner's (1973) fear that no external morphological characters reliably differentiate D. virginiana from D. marsupalis, and highlighted the need of karyotyping in areas of sympatrical distribution of these Domínguez et al. 1990 , Zavala-Velázquez et al. 1996 , Solís-Franco et al. 1997 . As reported (Jones et al. 1974) we observed the dominance of D. virginiana population over D. marsupialis (96:2). In México, natural infection of D. virginiana with T. cruzi had been reported only from two individuals from Chiapas (Solís-Franco et al. 1997 ). Thus, we demonstrated for the first time the infection of D. virginiana with T. cruzi in the Yucatán Península. In this study xenodiagnosis was the most reliable test to detect trypanosome infections in wild mammals, which generally present very low parasitemia, even using as few as five triatomines. However, more precise tests, such as serological ones, might increase the infection rate.
The opossum population studied was made of a higher proportion of females. The predominance of females was confirmed with the finding of higher proportion of females in 28 litters comprising 174 embryos (data not shown). The production of more females seemed a population trend of D. virginiana in our study area. The reproductive activity of D. virginiana was concentrated during the dry season (from February to May), where all infected females, except one, carried embryos. The predominance of females and their reproductive status were two key population parameters that influenced the rate of infection obtained in this study.
Females with embryos traveled lesser around their nests than males (Table II) . The greater nest fidelity of reproductive D. virginiana during the caring period (Hossler et al. 1994 ) is probably influenced by the abundance of cultivated fruits as gumtree, mango, plum and papaya from February to June around Dzidzilché. Since we found triatomines only inside peridomestic nests, we can confirm the close relationship between triatomines and opossums as found in other areas of the American continent (Zeledón et al. 1973 , Wisnivesky-Colli et al. 1992 , and we suggest that triatomines can select the habitat most often used by opossums. Thus, a strong relation among pregnant females, peridomestic nests and triatomines can be established in this study. Previous studies in Yucatán had found opossum blood in the digestive tract of T. dimidiata (Quintal & Polanco 1977 ) and opossums are known to get infected by ingesting triatomines as well (Yaeger 1971 , Schweigmann et al. 1995 ; in Costa Rica, Zeledón (1970) associated the presence of T. dimidiata inside opossums nests with the high indices of infection found in the vector. Thus, the contact of pregnant females with infected triatomines inside the peridomestic nests would increased exposition to the infection and explains the higher infection rate of reproductive females found in this study.
The rate of infection was higher in triatomines found inside opossum nests (57.1%) than in those associated with human dwellings (16.2%), which highlighted that the transmission cycle of T. cruzi took place inside the nests. Similarly, Zeledón et al. (1970) found infected nymphs and adults T. dimidiata inside 12 D. marsupialis nests. In Argentina, Wisnivesky-Colli et al. (1992) captured T. infestans infected by T. cruzi inside refuges of D. albiventris.
The existence of infected triatomines inside houses (16%) and the similarity in molecular patterns found in Yucatán strains isolated from opossums and humans (Zavala-Castro et al. 1992) suggest that D. virginiana is participating as an infection source for humans as reported for other Latin-American countries (Zeledón 1970 , Pinho et al. 2000 . Through an ongoing study on human population in the Yucatán Península, we will be able to confirm this hypothesis by comparing molecular characteristics of T. cruzi isolated from opossums and humans.
Both the abundance and rate of infection of both the vector and the reservoir during the dry season (Tables I,  III the seasonal hypothesis. Similarly, Telford and Tonn (1982) found higher infection prevalence with T. cruzi in D. marsupialis during late dry season in Venezuela. However, our study showed, for the first time, seasonality in the transmission of T. cruzi by D. virginiana in México. This timing of transmission is known in other zoonosis, such as leishmaniosis in Colombia and México (Chablé-Santos et al. 1995 , Travi et al. 1998 , Van Wynsberghe et al. 2000 ). More precise research should be carried out, to confirm our findings since our sample-size was biased toward the dry season.
In Yucatán, people of small villages might be in risk of contracting Chagas disease during the dry season because of three main factors: the attraction of opossums toward peridomestic areas, the affinity of triatomines for opossums, and the seasonality of the transmission cycle of T. cruzi. Thus, we recommend that control measures should be concentrated during the dry season and detection programs of infected persons should be carried out at the end of the dry months. 
